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CHAPTER 1. Cold plasma discharges, ignition, evolution and maintenance

Matter is found in nature in the form of four states of aggregation. The best known are
three of them, namely the liquid, solid and gaseous states. The fourth state of aggregation of
matter is plasma. At very high temperatures, molecules absorb a large amount of energy,
causing them to move in a disordered manner. With the energy absorbed, they can
decompose into atoms, and due to the disordered displacement, these atoms can decompose
into ions and electrons. Thus, excessive heating of the material is always accompanied by
ionization, the environment remaining electrically neutral. This ionized state is called plasma,
[11. [2], [3], [4]. [5]. [6].

Plasma is a mixture of gases made up of neutral particles and electrically charged
particles. Their weight is large enough to lead electromagnetic interactions to a collective
behavior of the particle assembly, [1], [2], [3], [4], [5], [6].

The energy required for the transition from the gaseous state to the plasma state is
produced by an electric field accelerating free electrons. This is the main determinant of the
gas-plasma transition and is dominated by collisions, [1], [2], [3], [4], [5]. A very good
example is the fluorescent tube, because one of the most common applications of plasma is
its use as a source of light radiation. The electric discharge in gas, at relatively low pressures,
forms a column of luminous plasma, occupying a large part of the length of the tube, [1], [2],

[31, [4], [5], [6]-
1.1. Cold plasma electric discharges

Due to the free electric charges, the plasma conducts the electric current and is strongly
influenced by the presence of external magnetic fields. As a result of collisions between
electrons and atoms, phenomena of excitation of atoms can occur, followed by the emission
of electromagnetic radiation. When the energy of the electrons is high enough, the atoms are
ionized, and new charges, both positive and negative, can be obtained, [7], [10], [11], [12].

In Figure 1.1. the characteristic voltage - current, U (I), is reprezented, zones 1, 2, 3, 4
from Figure 1.1 correspond to non-thermal plasma discharges and zone 5 corresponds to
thermal plasma also called electric arc. Possible types of electrical discharges called "cold
plasma” can be identified, these include Corona discharges, luminescent discharges, sliding
electric discharges (GlidArc),[6], [14], [15].
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Figure 1.1. Electric discharges in steady state in relation to the volt-ampere characteristic,[7], [15]

In Table 1.1. the main parameters and conditions for initiating electric discharges for
different types of discharges are presented, [7], [15].

Tabelul 1.1. Types of discharges, [7]

Type of U, [kV] I, [A] P, [atm] T, [K] X J, [Alem?]
discharge
Corona >10 <10° 1 500 <10 10°
DBD 100 <10® 1 500 <10°® 10°
Luminescent 5 0,1 1 <500 <10* 103
GlidArc 5-20 1 1 2000 <107? 1-102
Elecctricarc | 0,03-0,05 10-10° 1 >10000 102-1 102-10*
U - voltage
| - current
P - presure

T- temperature
% - recombination factor
J - current density
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1.2. Maintaining and autonomy of discharges

1.2.1. DC electric arc

The autonomous manifestation of discharges means their maintenance, even if the
initial ionization phenomena, which underlie their initiation, cease. , [11], [13].

The volt-ampere characteristics of the electric arc can be static or dynamic, as the speed
of variation of the current intensity through the arc is very small (particularly zero) or, on the
contrary, has high values, [11], [13].

In Figure 1.2. the static volt-ampere characteristics of a dc electric arc are represented. ,
obtained for different constant column lengths. Table 1.2 shows the values of the coefficients
in H. Ayrton's equation, [11], [13].

u, {=const.

Caractenstici:
dinamice, di/dt>0
statica, di/dt=0

dmamice, dv/dt<0
1 1
a b

Figure 1.2. DC arc characteristics, [11]
a - static b — dynamic

In this sense, the approximation function given by Ayrton is known, having the
expression, [11], [16]:

b
u (i) =a+— (1.8)
L
where:

a=at+y 1, b=p+3 1 (1.10)

a,B,7,0, being constant, and | — the length of the electric arc column.
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The approximation function proposed by Nottingham is also used in calculations,
[11]:
u (i)=a+c+(b+dhi™ (1.11)

where a, b, ¢, d are constant, and | represents the length of the electric arc column.
The exponent n is calculated with the relation, [11] :

n=262-107*T (1.12)

where T is the vaporization temperature of the anode, in absolute degrees.

Table 1.2. Values of the coefficients in the Ayrton function, [11]

Coefficient
Material a, [V] B, [VA] Y, [V/m] 3, [VA/m]
Copper 30 10 1000 3000
Carbon 39 11,7 21 105

Independenta caderilor de tensiune la electrozi in raport cu lungimea | a coloanei

arcului este considerata in functia Rieder, care are expresia, [11]:

a,pf,y,0, fiind constante.

u ()=a+(B+ 1Dy [ln{%)]

Tn Tabelul 1.3 sunt indicate valorile constantelor din functia Rieder, [11].

Table 1.3. Values of the coefficients in the Rieder function, [11]

Coefficient
Material a, [V] B, [m] Y, [V/m] 3, [A]
Copper 26 0,013 5,4:10° 0,0074
Silver 0,011
Wolfram 0,016

1.2.2. AC electric arc

Unlike direct current electric arc, alternating current electric arc is a quasi-stationary
process which, at unit length of the column, is characterized by a power balance equation.
The modeling of the spring column can be done as in Figure 1.3, [11], [16].
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Figure 1.3. Arc column modeling, alternating current, [11]

(a) Unitary length of the electric discharge column,

(b) Equivalent wiring diagram of the Mayr conductance model.
Ea — arc voltage; i- arc current;

P- the heat given to the environment in the unit of time.

The long electric arc is characterized by the fact that the phenomena in the arc column
are dominant in relation to the phenomena that take place in the vicinity of the contact parts,
so it is usually accepted for the arc voltage, Ua, a relation of form, [11], [16]:

U, ZE-I (1.14)

For long arc alternating current the phenomena that take place in the arc column before
and after the natural zero crossing of the current can be described by Mayr's relation, which
can be deduced by accepting the conductance of the electric arc, Ga (t), as, [11], [16]:

o a
G, () =28 — k. e (1.15)

uy (E)

where i, (1) is the current flowing through the spring column, ua (t) - the spring voltage,
Qo - the amount of heat initially existing in the spring column:

Gy =Ty (116)

7 - thermal time constant of the electric arc po - the power given by the arc column to
the environment, Q (t) - the amount of heat accumulated in the arc column:
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Q(t) = [ (g ig—po)dt (1.17)

It is noted that in order to describe the behavior of the long electric arc, according to
Cassie's hypothesis, a shape expression is proposed for the conductance Ga (t).:

G, (t) =k(@y —pp - t) (1.18)
where G,(7) = 0,7 = %,
Considering the equation
ight) 2
G,(t) = ﬁ = k-e% (1.19)

and accepting Mayr's hypothesis, by applying logarithms is obtained:

Ini_ () —Inu,(t) =Ink +Qi (1.20)

So after a derivation, Mayr's equation for the long electric arc is written:

1 dig 1 . dug _ ¥gig—Po (121)

ig dt ug dt R

By integrating this differential equation we can find the shape of the dynamic
characteristic of the alternating current electric arc, for high values of the arc current, so for
small values of the current pause, when the relation is valid, [11], [16]:

i (t)=1I sinw-t (1.22)

we obtain the nonlinear first order differential equation of the Bernoulli type which
defines the variation as a function of time of the arc voltage, ua(t):

dug
dt

— [f—i— @ cotw - t) - u, L uz =0 (1.23)

TPo

which turns into a first-order linear differential equation using substitution:

u _ 1 d=
a z ' dt

+ [f—i— wcot wt) -z = feiner (1.24)

TPo

with the final shape solution:
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2-pyEinw-t
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The evolution over time of the arc voltage, ua (t), is influenced by the values of the
product (o * 1), as can be seen in Figure 1.7.

H (2

I 174

—— .,
#Q

Figura 1.4. Tensiunea arcului electric de c.a, [11]

It is clear that there are three distinct situations:

a) values (o - 1) = 0, which corresponds to either direct current (o = 0) or very
intense deionizations, for which t = 0, respectively po — oo, which implies high
values of the spring priming voltage electric, but also overvoltages to extinguish
it;

b) wvalues (o - t) comparable to the unit, which highlight a characteristic ua (t)
frequently encountered in the operation of electrical switching devices, showing
a priming voltage, Uam and a damping voltage, Us, respectively, for each half-
period of alternating current;

c) values (o - T) — oo, which correspond to either the free electric arc, po =0, so T
— oo, or the electric arc that intervenes at high frequencies of the supply
voltage, when it behaves practically linear, [11], [16].




CHAPTER 2. Cold plasma discharge power supplies used for various types of
reactors. DBD reactor applications

Cold or non-thermal plasma discharges are interesting for example for electrochemical
or decontamination applications because they generate active species (electrons, ions, excited
particles, photons, etc.), with a very short lifespan, of the order of 10 dry, but capable of
generating metastable radicals (OH- and NO + for example), with a much longer lifespan of
10* + 10 sec, which can maintain useful electrochemical reactions, which is not the case
with plasma thermal, usable only if thermal effects are exploited, [17], [18].

The main types of electric shocks, commonly called cold plasma due to the low
temperature of the gas inside them, are the following:

Corona electric discharge;

luminescent electric discharge, respectively “glow discharge”;

GlidArc electric discharge, [17], [18], [19].

2.1. Reactor electrochimic de tip DBD

When the gas penetrates the space between the electrodes, the dielectric prevents the
transition to an arc-type discharge. Although uniform spatial unloading in DBD can be
accomplished under certain conditions, filament unloading will develop in most
circumstances. The filaments are not only spread on the surface, but also appear for a long
time. An example: if DBD is driven by a sinusoidal external voltage at a frequency of 100
kHz, the filaments will ignite for a period of about 3 ps in each half-cycle, in successive
different stages of external voltage, [21].

DBD discharges are obtained by separating two metal electrodes, which can have
different shapes, plane - plane or wire - cylinder, connected to a high voltage source, they are
manifested through a layer, or possibly two layers of dielectric material (glass, ceramic,
teflon), [17], [23].

Typical electrode configurations of flat and cylindrical dielectric barrier discharges are
given in Figure 2.1.

/ Electrod HV Electrod HV

Dielectric Dielectric

iu pentru descarcare
Electrod
masa

Spatiu pentru descarcare WASE ielectric  Spatiu pentru descarcare
/ Electrod HV
/
_ Dielectric ~ Electrod HV
™ Electrod
L masa \

Electrod
masa

Figure 2.1. Types of DBD reactors, [9]
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reactoare. Aplicatii ale reactoarelor DBD

DBDs are characterized by the presence of one or more insulating layers in the current
path between the metal electrodes, in addition to the gap represented by the discharge space,

[9].

2.2. Glid Arc electrochemical reactor

The simplified principle diagram of a GlidArc type cold plasma electrochemical reactor
is shown in Figure 2.2. It comprises an electrical insulating chamber, usually cylindrical,
initially used for the depollution of gases in order to treat a volume as large as possible, [7],
[25], [26], [27].

Figure 2.2. GlidArc type electrochemical reactor, [7]

1 - electrical insulated enclosure,
2 - divergent metal electrodes,

3 —electric discharge,

4 - Injection gas nozzle

By connecting the high voltage (HV) source to the metal electrodes, an electric
discharge is initiated between them, in the base area, characterized by the minimum bypass
distance, discharge that moves on the electrodes, under the action of blowing gas but also
forces contour electrodynamics, as well as the upward effect of hot gases in the discharge
area, [20], [27], [28]. The blowing gas can be air, nitrogen, oxygen, inert gas, etc, depending
on the desired application. The relative displacement speed of the discharge compared to that
of the blowing gas is usually 2-4 m /s, [20], [27].
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CHAPTER 3. Influence of electrical parameters of power supplies on cold
plasma discharge applications

This chapter presents the results obtained with power supplies that are used in
obtaining cold plasma in the laboratory. The reactors used are Glid Arc, plasma mini torch
and Gliding Spark. In order to observe the influence of electrical parameters, various cold
plasma treatments were performed on distilled water under different conditions.

3.1. Experimental power supplies used to produce cold plasma discharges

This subchapter presents the limitations and characteristics of experimentally used
power supplies. A transformer built specifically for such applications was most commonly
used, with pulsed power supplies being introduced later. For these applications, in addition to
the lifting transformer, special construction, 2 pulse power supplies were used, one built with
the AT89S52 microcontroller, [65], and the other built with the BAA145 integrated circuit,
[66] .

3.1.1. Power supply with TRAF from the network

The 230V / 50Hz mains supply is connected to the mains of a special construction
high voltage transformer, such as AUPEM SEFLI AC 10 kV / 150 mA / 50 Hz, which
ensures the limitation of the discharge current by its internal impedance. At the output, the
transformer offers 10,000 V as a standby voltage, [17].

The diagram for this source, which usually supplies a classic Glid Arc reactor, is

shown in Figure 3.1.
A
Il

Gas
f

S

| BV |T

T v

Figure 3.1. Diagram of the connection of a cold plasma reactor to a high-voltage transformer
connected to the grid, [17]

No additional current limiting component is required for this application, although
energy efficiency is very low (approximately 16%), [17].
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descarcarilor de tip plasma rece

3.1.2. pAA 145 power supply

The following power supply is a pulse source built on the BAA145 integrated circuit.
This power supply can generate pulses at a maximum frequency of 20 kHz, but the used
induction coil transformer does not operate at more than 250 Hz without saturation, [67].

SeIve

ENTTIOA MO

4
%

Figure 3.2. Diagram of the power supply built with the help of the integrated pA145, [17]
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The pulse width is adjusted by potentiometer R11, resistor R10 and capacitor C3, and
this can be adjusted between 0-70% of the duration of a period, Figure 3.2, [67].

The control circuit is supplied with a double stabilized DC voltage source, + 15V, -
15V. The power supply is supplied from the mains by means of a separation transformer,
rectified and filtered by means of capacitor C5, or from the same stabilized source as the
control part.

For the high voltage circuit, the control is given to the transistor T3 connected to the
high transformer primary by means of a Darlington type assembly consisting of transistors T1
and T2, controlled in turn from pins 10 and 14 of the integrated circuit, and the reference
voltage is found on pin 15, [17] .

The BA145 power supply operates in conjunction with a car coil originally used on
OLTCIT vehicles, Figure 3.3. This coil usually supports frequencies on the order of 100 - 200
Hz.

3.1.3. Power supply with AT89S52

The next power supply shown is a pulsed one built around the AT89S52
microcontroller. This source operates at 100Hz due to the high voltage transformer limitation,
[17], [18].

13
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Figure 3.3. Diagram of the power supply built with the ATS89S52 microcontroller, [17], [18]
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The source built around the AT89S52 is designed to produce spark-type discharges.
The LM7805 integrated circuit was used to supply the stabilized voltage circuit (pins 12,13).
The MCP3202 integrated circuit used to convert analog signals from Potl and Pot2
potentiometers to digital signals uses the SPI communication protocol with the
microcontroller, to read the voltage values on 2 potentiometers, considered as input variables
and to ensure their conversion into pulse trains. 2 corresponding microcontroller outputs,
[17], [18].

To control the power transistor, the microcontroller outputs on pins 10, 11 are
connected to an optocoupler which in turn forms a Darlington-type circuit with the power
transistor. The circuit is used in conjunction with a TV or monitor line switch shown in
Figures 3.5 and 3.6.

3.1.4. High voltage power supply at 30 kHz, AC voltage

This power supply used is shown in the Figure below (Figure 3.4). As can be seen, it
was intended for the production of electric discharges in quartz tubes containing different
types of gases.

Figura 3.4. Specificasia sursei de 30 kHz

This alternating current source operates at 30 kHz and has an output voltage of 8000V.
Inside this source is a modulator / frequency converter that raises its value from 50 Hz to 30
kHz.

3.2. Particular construction types of reactors used experimentally

Due to the exploration of non-thermal plasma in various applications, this technology
is being used more and more due to the advantages that include increased treatment
efficiency, low cost and ease of use.

15
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3.2.1. GlidArc classic

For plasma treatments, one of the reactors used is GlidArc Classic or GlidArc I, as
previously named. This is shown in Figure 3.5. The main disadvantage of this reactor is that
the treatment applied has a dissipative nature.

E2] - El

Figure 3.5. GlidArc Reactor, [67], [70]

In order to increase the electrochemical efficiency, the use of these reactors has
changed from two metal electrode assemblies to three electrode (or multiple 3 electrode)
assemblies, preferring the volume manifestation of useful electric discharge, both for single-
phase power supplies, especially for three-phase power supplies, [67].

3.2.2. Plasma Mini Torch

Another type of reactor used is the plasma minitorchch, Figure 3.6. This reactor uses a
stream of air that passes through a metal grid with several holes. The inner part has a
frustoconical, nozzle shape, and the discharge is initiated between the central electrode, in the
shape of a rod, and the outer one in the truncated cone shape.

Figura 3.6. Reactor tip torza de plasma
This minitorchch-concentrate concentrates the plasma flow through a nozzle.

16
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3.2.3. Gliding Spark reactor

This type of reactor is made of a metal box, with two airflow connections and a classic
car spark plug modified as the main enclosure.

:

Figure 3.7. Gliding-Spark plasma reactor (Nox Box)

The discharge chamber has a much smaller volume than the previous reactors. The
center electrode of the spark plug is fed to the high voltage potential, and the metal housing
of the reactor is connected to the reference potential. The airflow is introduced through a
connection and the plasma outlet is made through the second connection [71].

3.3. Influence of electrical parameters specific to cold plasma reactors

This subchapter presents the graphs of electrical parameters, electric discharge current,
discharge resistance, useful power and specific energy, as a function of time. These
parameters were collected under the following conditions: 2 records, the voltage was
obtained by dividing by 1000 with the help of a high voltage probe, and the current by
multiplying by 5 and dividing by 1.6, as a result of using a shunt. The useful power, the
discharge resistance and the specific energy were obtained by calculation from the measured
parameters. The first recording was made at a flow rate of 51/ min and the second at 15 1 /
min. The distance measured between the electrodes was 2mm.

Considering a linear approximation of the combination and recombination phenomena,
the discharge volume evolves linearly according to the values of current and voltage. Thus,
the volume for the discharge of the Glid Arc reactor used as 5484 mm?® was measured and
calculated, depending on the size of each reactor, for the mini-plasma the volume is 126 mm?
and for the Gliding Spark reactor the discharge volume is 262 mm?.

Since the actual discharge depends on parameters such as gas flow rate, inter-electrode
lag, arc length and evolution time, the evolution of the discharge is consistent with different
voltage variations and flow rates.

17
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3.3.1. Glid Arc reactor specific electrical parameters

Figures 3.8, 3.9, 3.10 and 3.11 show the evolution of the electrical parameters of the
discharge over time using the classic GlidArc reactor with an air flow of 5 | / min, connected
to the high voltage transformer type AUPEM (230V / 50Hz - 10000V / 50Hz).

curent descarcare (A)

timp (ms)
Figure 3.8. The evolution of the discharge current over time for a GlidArc reactor connected to the
AUPEM transformer and an air flow of 5 1 / min, [70]

arcarii (Q)

v

H
8
2
3
Ty

Rezistenta desc

Figure 3.9. The evolution of the discharge resistance over time for a GlidArc reactor connected to the
AUPEM transformer and an air flow of 51/ min, [70]

Figure 3.10. The evolution over time of the electric power for the GlidArc reactor, air flow of 5 1/
min, [67]
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Figure 3.11. The evolution over time of the specific energy for the GlidArc reactor, air flow of 51/
min, [67]

The figures shown show that the evolution of the current follows the sinusoid (given by
the frequency and voltage of the network) and shows peak values of the order of
milliamperes.

3.3.2. Minimum reactor specific parameters

Figures 3.12, 3.13, 3.14 and 3.15 show the graphs of the electrical parameters useful
discharge power, specific energy, electric discharge current and discharge resistance, using
the mini-plasma reactor with an air flow of 5 | / min connected to the high transformer
AUPEM type voltage (230V / 50Hz - 1000V / 50Hz).

]
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! S 0 9o ¢
2 oB RN
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curent descarcare (A)

b
%
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b q

timp (ms)

Figure 3.12. Over time evolution of the discharge current for the mini torch reactor, connected to the
AUPEM transformer, for an air flow of 51/ min, [70]
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Rezistentz desciredsi (Q)

Figure 3.13. The evolution of the discharge resistance over time for the mini torch reactor,
connected to the AUPEM transformer, for an air flow of 51/ min, [70]

17 I A | i
Cl
tanp (ps)

Figure 3.14. The evolution in time of the electric power for the mini torch reactor, air flow of 51/
min, [67]

Figure 3.15. The evolution in time of the specific energy for the mini torch reactor, air flow of 51/
min, [67]

The figures shown above show the evolution of current, discharge resistance, electrical
power and specific energy.
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3.3.3. Gliding Spark reactor specific parameters

Figures 3.16, 3.17, 3.18 and 3.19 show the graphs of the electrical parameters useful
power, specific energy, electric discharge current and discharge resistance, using the Gliding
Spark reactor (also called NOx Box) with a connected air flow of 5 1 / min to the AUPEM
type high voltage transformer (230V / 50Hz - 1000V / 50Hz).

curent descércare (A)

timp (ms)

Figure 3.16. Evolution of the discharge current over time for Gliding Spark, air flow of 51/ min,
[70]

Rezistenta descarcarii (Q)

Figure 3.17. The evolution of the discharge resistance over time for Gliding Spark, air flow of 51/
min, [70]
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Figure 3.18. Evolution over time of the useful electric power for the Gliding Spark reactor, air flow
of 51/ min, [67]

B R e e B I = = - = e R B - - R

Figure 3.19. The evolution over time of the specific energy for the Gliding Spark reactor, air flow of
51/ min, [67]

The current shows an almost sinusoidal evolution and unlike the previous cases there
are no current peaks.

Parametric study shows that, from a qualitative point of view, the increase in current
increases the size of the electrode hotspot.

Compared to the approximation used, the results are strongly nonlinear, as expected,
given Paschen's law and electron-ion recombination.

The useful electric power values are the highest in the case of the GlidArc reactor,
followed by the minitorchch reactor and the Gliding Spark reactor.
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3.4. Influence of electrical parameters of power supplies on electrical parameters of
substances treated with particular cold plasma reactors

The experimental results of this subchapter were obtained from the plasma distillation
activation treatment obtained using the power supplies and reactors presented in subchapters
3.1 and 3.2. The first step in the analysis of distilled water was to establish a reference by
collecting data from an untreated sample. The FISHER SCIENTIFIC XL600 analyzer was
used to measure the pH and redox potential of the solution.

The first set of samples collected is shown in Figures 3.20 and 3.21. They correspond to
untreated samples, to then highlight the effects of plasma treatment using different reactors
and power supplies.
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Figure 3.20. PH change over time in the case of an untreated distilled water sample, [70]
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Figure 3.21.Variation of Redox potential over time in the case of an untreated distilled water
sample, [67]
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As can be seen, the values remain relatively constant, the variations being very small in
the case of the decreasing redox reaction, and in the case of the increasing pH variation.

3.4.1. Non-electrical parameters resulting from treatment with the Glid Arc
reactor

The following data were obtained under the following experimental conditions: 200 ml
of treated distilled water, at a distance of 25 mm between the solution and the electrode end,
the reactor used being the classic Glid Arc, and the power supply used being the high voltage
AUPEM transformer (230V / 50Hz - 1000V / 50Hz) connected directly to the mains for an
airflow of 251 / min, Figure 3.22.
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Figure 3.22. PH change over time after cessation of treatment using GlidArc reactor and AUPEM
transformer - air flow 25 | / min, [70]

After treatment, the pH parameter decreased from 5-5.12 to 3 - 3.25, remaining
relatively constant around this value.

The pH graph, as a function of time, can be seen in Figure 3.23. These parameters were
collected under the following conditions: 3 records, 200 ml of treated distilled water, a
distance of 25 mm between the end of the electrodes and the solution to be treated. The
classic GlidArc reactor was used, the pulse power supply based on the BA145 circuit. The
first series of analyzed samples was collected for an air flow of 18 | / min, the second series
analyzed for an air flow of 25 | / min and the third series corresponds to an air flow of 32 | /
min.
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Figure 3.23. Variation of pH over time using GlidArc reactor connected to source with fA145 circuit
- air flow for sample 1 - 18 |1 / min, sample 2 - 25 | / min, sample 3 - 32 I / min, [70]

In this case the pH variation is smaller (compared to the reference considered), the
values remaining constant.

Below are the graphs of the non-electrical parameters pH, Figure 3.24, as a function
of time, obtained under the following conditions: 3 records, 200 ml of treated distilled water,
a distance of 25 mm, the classic GlidArc reactor used, AC power supply of 30 kHz. The first
series of samples analyzed was collected for an air flow of 18 | / min, the second series
collected for an air flow of 25 | / min and the third series corresponding to an air flow of 32 1/
min.

3,895

3,89
3,885

m]
=]

3,88

3,875

3,87
3,865

m]
=]
=]
m]
=]
=]
m]
m]
=]
m]

3,80

3,855
0 2 4 & 8 10 12
time [min]
o PH apd distilatd tratatd cu Glid Arc - mostra 1

O PH apd distilatd tratatd cu Glid Arc - mostra 2
PH apd distilatd tratatd cu Glid Arc - mostra 3

Figure 3.24. Variation of pH over time using GlidArc reactor connected to 30 kHz source - air flow
for sample 1 - 18 I / min, sample 2 - 25 I / min and sample 3 - 32 1/ min [70]
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Following this treatment, it is observed that the 30kHz source is more efficient, the pH
values are close to 3.8, the variations being insignificant.

3.4.2. Non-electrical parameters resulting from treatment with the mini-reactor

The following data collected were taken under the following experimental conditions:
200 ml of treated distilled water, at a distance of 25 mm between the solution and the
electrode end, the reactor used being the minitorch, and the power supply used was the high
voltage transformer AUPEM (230V / 50Hz - 1000V / 50Hz) connected directly to the
network, for an air flow of 251 / min.

For treatment with plasma minitorchies, it is observed that the pH value decreases to 3
but gradually increases to 3.27 (Figure 3.25).
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Figure 3.25. PH variation over time using the Plasma mini-flow reactor connected to the AUPEM
transformer - air flow 25 | / min, [70]

The values of the non-electrical parameters pH (Figure 3.26), as a function of time,
are shown below. These parameters were recorded under the following conditions: 3 records,
200 ml of treated distilled water, distance of 25 mm, mini-reactor, pulse power supply based
on the BA145 circuit. The first series of analyzed samples was collected for an air flow of 18 |
/ min, the second series for an air flow of 25 | / min and the third series for air flow of 32 1/
min.

26



Capitolul 3. Influenta parametrilor electrici ai surselor de alimentare asupra unor aplicatii ale
descarcarilor de tip plasma rece

45
o o o o o o o o o o
4,45
44
T
o
435
43
o o o o o o o o o o
4,25
o 2 4 [+ 8 10 12
timp [min]

O PH api distilatd tratati cu minitorta - mostra 1
O PH ap4 distilati tratatd co minitorta - mostra 2

PH apd distilata tratatd cu minitorta - mostra 3

Figure 3.26. Variation of pH over time using Plasma tinplate connected to source with BA145 circuit
- air flow for sample 1 - 18 | / min, sample 2 - 25 | / min and sample 3 - 32 1 / min, [70]

The pH variation in this case is between 4.3 and 4.48. These values show that the
treatment with the mini-plasma reactor is less effective in treating a quantity of liquids than
the treatment with Glid Arc.

Further developments can be seen within 12 minutes of stopping plasma pH treatment
(Figure 3.27). These were performed under the following conditions: 3 recordings, 200 ml of
treated distilled water, distance of 25 mm, the reactor used being the minitorch, the power
supply in pulses based on the AT89S52 microcontroller. The first series of data corresponds
to an air flow of 18 | / min, the second series to an air flow of 25 I / min and the third series to
an air flow of 32 1 / min.
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Figure 3.27. Variation of pH over time using the Plasma Minithink connected to the source with the
AT89S52 circuit - air flow for sample 1 - 18 | / min, sample 2 - 25 1 / min and sample 3 - 32 | / min,
[70]
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In the case presented, the pH variation between the values 4.38 and 4.63 is observed,
the variation being due to the air flow, the results being weaker compared to the previous
case.

The following graph of the evolution of pH (Figure 3.28), depending on the time, was
obtained under the following conditions: 3 records, 200 ml of treated distilled water, distance
of 25 mm, the reactor used being the minitorch, and the power supply the alternating current
of 30 kHz. The first row of data corresponds to an air flow of 18 | / min, the second to an air
flow of 25 | / min and the third to an air flow of 32 | / min.
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Figure 3.28. Variation of pH over time using 30 kHz Plasma Mini-Connector - airflow for sample 1 -
18 I/ min, sample 2 - 25 | / min and sample 3 - 32 | / min, [70]

The graphs show that the pH variation is between 3.4 and 3.63, the values being due to
the frequency at which the source operates.

3.4.3. Non-electrical parameters resulting from treatment with the Gliding Spark
reactor

The following graphs were drawn from the corresponding experimental conditions: 200
ml of treated distilled water, a distance of 25 mm between the solution and the electrode end,
the reactor used being Gliding Spark (NOx Box), and the power supply used the high voltage
transformer AUPEM (230V / 50Hz - 1000V / 50Hz), connected directly to the network. The
air flow in this case was 251 / min. Thus, Figure 3.29 shows the pH variation.
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Figure 3.29. PH variation over time using Gliding Spark connected to AUPEM transformer - air
flow 25 I / min, [70]

In the case presented, a lower efficiency of this reactor is observed compared to the
other two reactors, the pH varying between the values 3.46 and 3.47.

Below are the pH graphs (Figure 3.30), as a variation as a function of time. The
registered parameters consist of: 3 series of tests, 200 ml of treated distilled water, distance of
25 mm, the reactor used being Gliding Spark (NOx Box), and the power supply in pulses
based on the BA145 circuit. The first series of data corresponds to an air flow of 18 | / min,
the second series analyzed to an air flow of 25 | / min and the third series corresponds to an
air flow of 32 1 / min.
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Figure 3.30. PH variation over time using Gliding Spark connected to source with fA145 circuit -
air flow for sample 1 - 18 1/ min, for sample 2 - 25 I / min and for sample 3 - 32 1/ min, [70]
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For this case, the pH variation is very small, the values depending a lot on the air flow
and being between 4.5 and 4.9.

The time evolutions of the pH parameters are presented below in Figure 3.31, being
stored in the following conditions: 3 records, 200 ml of treated distilled water, distance of 25
mm, the reactor used being Gliding Spark (Nox Box), impulse power supply based on the
AT89S52 microcontroller. The first series of data corresponds to an air flow of 18 | / min, the
second series corresponds to an air flow of 25 | / min and the third series corresponds to an
air flow of 32 1 / min.
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Figure 3.31. PH variation over time using Gliding Spark connected to the source with AT89S52 - air
flow for sample 1 - 18 | / min, for sample 2 - 25 I / min and for sample 3 - 32 1 / min, [70]

For this case the treatment is inefficient, the pH values being almost identical to the
value of untreated distilled water.

Below are the pH values (Figure 3.32), as a variation as a function of time. These
parameters were collected under the following conditions: 3 records, 200 ml of treated
distilled water at a distance of 25 mm, the reactor used being Gliding Spark (Nox Box), 30
kHz AC power supply, first series of samples analyzed was collected for an air flow of 18 | /
min, the second series analyzed was collected for an air flow of 25 | / min and the third series
corresponds to an air flow of 32 | / min.
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Figure 3.32. Variation of pH over time using the Gliding Spark reactor connected to the 30 kHz
source - air flow for sample 1 - 18 | / min, for sample 2 - 25 | / min and for sample 3 - 32 I / min, [70]

The value of the 30kHz frequency helps a lot the treatment presented in these figures,
the pH values being between 3.87 and 4.

In addition to the construction of the reactor, a very important role in the efficiency of
the treatment with cold plasma discharge is also provided by the power supplies.

The calculation of the discharge resistance for the approximate volume of plasma
showed that a lot of active species are dispersed in too large a volume for the conventional
GlidArc reactor, so the payload is not used efficiently.

Analyzing the influence of the electrical parameters of different power sources used
together with different types of reactors, data were extracted with the electrical parameters
specific to the reactors correlated with the non-electrical parameters, namely the pH.

For pH measurements, the most stable results were obtained when using the classic
GlidArc reactor due to the plasma treatment surface, using the AUPEM type transformer. In
most experiments, the pH values were constant during the 10-minute measurement.

All tests performed using the AUPEM transformer as a power supply have yielded
satisfactory results, but at the same time it must be taken into account that similar results
were obtained at lower powers and higher frequencies. Thus, frequency is an important factor
in the treatment of cold plasma.
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CHAPTER 4. Development and modeling of high voltage power supplies
designed for DBD type discharges. Experimentally used reactors

This chapter presents and analyzes the simulation of some power supplies. The analysis
consists of visualizing the control signals, comparing the power circuit for the analyzed
circuits and also comparing it with a connection to a resistor and a connection to the
discharge itself. The power supplies have a maximum frequency of 60 kHz due to the
limitations of the high voltage transformer.

4.1. Emulation by means of an equivalent circuit of cold plasma discharges

In order to optimize the non-thermal plasma treatment for different applications, the
parameters of the electric discharges that produce the plasma must be taken into account.

A download simulation circuit is used to test the download connection. This circuit is
shown in Figure 4.1. The circuit is designed using capacitors to simulate the collection of
energy before discharge and a resistor that simulates the discharge resistance itself. The relay
is used to reproduce the charge of the capacitor and its discharge on the resistor, thus
equivalent to the electric discharge between the electrodes.

RL2

CAMLSM 100

o MLEOM|
v

—— C13
op

Figure 4.1. Circuit used to simulate cold plasma electric discharge, [72]

The value of the characteristic voltage parameters corresponding to the capacity is
entered in a wiring diagram of a classical model. The simulation results are taken into
account with a correlation with the electrical parameters of a pulse voltage source.

Figure 4.2. Results of the equivalent download circuit simulation, [73]
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The behavior of the discharge at the moment of initiation is equivalent to that of a D
diode placed on the same circuit branch with a low value resistance, which is the element of
dissipation of the accumulated energy, equivalent to the production of an electric discharge of
the spark type.

The electrical circuit used to simulate the evolution of the discharge voltage allows a
single modification of the circuit structure for the study of the transient priming regime
produced.

Oscillations at this frequency occur during non-zero values of the spark discharge
current.

4.2. Simulation of the power supply built with the integrated circuit TL494

The circuit built around the integrated TL494 is versatile and can control a half bridge
or full bridge bridge of MOSFETS or IGBTSs through a gate control transformer (GDT). This
should make a driver that is able to control the flyback transformers found in CRT TVs and
computer monitors, [72].

A= |’ l\.'-"'.""‘""
&m { {ﬁ_ Jl‘;h. i ] :‘; ;_4?:) JHQ fik —H(: e
FH e e T -

Figure 4.3. Complete diagram of the power supply with the TL494 circuit,[72]

The power supply shown is built around the TL494 integrated circuit. This source
offers a variable frequency between 20 and 90 kHz with a variation of the filling factor
between 0% and 50%, [72].

The pulse width is manually controlled for the tests that have been performed.

The output control on pin 13 is set to a 5 volt reference voltage on pin 14, which causes
the two output transistors to operate in push-pull mode, which will be used to drive each of
their ICs. reverse MOSFET driver, [72].

To adjust the operating cycle, the error amplifier was configured as a voltage monitor,
the feedback from the operational amplifier being connected to the input, so the output
voltage was just below the value of the input voltage. With a potentiometer and a resistor, the
input voltage can be varied from 0.5 V to 4.76 V, this voltage being sufficient to adjust the
operating cycle from 0 to 43%, [72].

The simulation results for the power supply are illustrated in Figure 4.4.
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Figure 4.4. The result of simulating the power supply with the TL494 circuit, [74]

The discharges that take place are also based on the oscillations provided by the
capacitors C5 and C6 respectively and the primary winding of the inductor (inside the block
called DBD).

This universal inverter makes it possible to adjust the output voltage and current. This
helps make a flyback driver more robust than other simple drivers with just one transistor, as
it implements its own control, MOSFET driver, and half-bridge topology.

4.3. Simulation of the power supply built with the integrated SG2525

The SG2525 integrated circuit is used in the standard PWM generator / oscillator
connection where the oscillation frequency is determined by C2, R7 and RV2. The RV2
potentiometer can be adjusted to obtain exact frequencies according to the required
application specifications. The scheme is shown in Figure 4.5.
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Figure 4.5. Complete diagram of the SG2525 circuit power supply, [74]
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The results of the power supply simulation are presented in Figure 4.6. The voltage
peaks are the result of the inductance of the primary winding.

Figure 4.6. The result of simulating the power supply with the SG2525 circuit, [74]

The frequency range for this source is from 6kHz to 60 kHz, between the two outputs at
pin 11 and pin 14. The two outputs oscillate alternately in push (totem) mode, driving the
connected mosfet transistor in flyback configuration.

Because the integrated facilitates a PWM control pin-out, it can be exploited to allow
automatic adjustment of the system output.

Pin 2 is the built-in internal error detection input, and normally the voltage at this non-
reversing pin should not rise above the 5.1V value by default, because the inv # 1 pin is set to
5.1V by internal reference.

As long as pin 2 falls within the specified voltage limit, the PWM correction feature
remains inactive, and yet when the voltage at pin 2 tends to rise above 5.1V, the output pulses
are subsequently restricted, in trying to correct and balance the output voltage accordingly.

4.4. Types of DBD reactors used in the experimental part

Non-thermal plasma discharges are found in a number of interesting industrial
applications in addition to ozone generation. Generation of strong infrared radiation in CO2
lasers and ultraviolet (UV) or ultraviolet vacuum (VUV) incineration in excimer lamps are
examples of the latest developments in plasma.

Figure 4.7 below shows the DBD reactor topologies, of which 3 are planar and one is
circular.
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Figure 4.7. Typical dielectric barrier discharge electrode configurations
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No blowing gas was used for these experiments, no special enclosure with any other
gas, no ambient air was used (approximately 25 ° C).

Considering that the type of glass used is BBS for flat topology reactors and LBSCA
for cylindrical topology, which have the value of relative permittivity.

Using these data, the calculations obtained will be presented below.

4.4.1. Dielectric reactor - air - dielectric considered as flat capacitor (Reactor 1)

For the topology shown in Figure 4.8, it is necessary to consider 3 equivalent capacitors
calculated according to the dimensions of the respective glass insulating layer.

y X Y

Figure 4.8. Equivalent scheme used in the calculation of equivalent capacity for DBD reactor
dielectric - air - dielectric

The dimensions shown in Figure 4.8 are y = 1.5 mm si x = 1 mm. For the calculation

of the equivalent capacity, it is taken into account that there are 3 equivalent capacities
grouped in series for each area delimited by the dielectric. Thus the equivalent capacity is:
CJ. CZC'B

C= (4.1)

Grounding electrode surface = 551.54 mmz2, discharge space = 1 mm, upper dielectric
thickness (glass) = 1.5 mm, lower dielectric thickness (glass) = 1.5 mm, high voltage
electrode surface = 47.78 mm?2.
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The result obtained for the static capacity of the dielectric reactor - air - dielectric is C =
1,947 pF.

4.4.2. Air reactor - dielectric - air considered as a flat capacitor (Reactor 2)

For the topology shown in Figure 4.9, it is necessary to consider 3 equivalent capacitors
calculated according to the dimensions of the respective glass insulating layer. The
dimensions are shown below.

w |||

Figure 4.9. Equivalent reactor used in the calculation of equivalent capacity for DBD reactor air -
dielectric - air,

The dimensions shown in Figure 4.9 are y = 1.5 mm si x = 1 mm. For the calculation

of the equivalent capacity, it is taken into account that there are 3 equivalent capacities for
each area delimited by the dielectric. Thus the equivalent capacity is:

C=_ 5C% (4.2)

Grounding electrode surface = 551.54 mmz2, discharge space = 1 mm, dielectric
thickness = 1.5 mm, high voltage electrode surface = 47.78 mm?,

The result obtained for the static capacity of the dielectric - air - dielectric reactor is C =
0.384 pF.

4.4.3. Air reactor - dielectric considered as flat capacitor (Reactor 3)

For equivalent calculation, the equivalent capacity with two flat capacitors connected in
series must be taken into account. Depending on the permissiveness chosen, the calculations
are presented below.
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Figure 4.10. Equivalent scheme used in the calculation of the equivalent capacity for air-dielectric
DBD reactor

The dimensions shown in Figure 4.10 are ¥y = 1.2 mm si x = 2.3 mm. For the

calculation of the equivalent capacity, account shall be taken of the fact that there are two
equivalent capacities for each dielectric bounded area. Thus the equivalent capacity is:

C —_ CJ. CZ
f:| +C'-;

(4.3)

Grounding electrode surface = 551.54 mmz2, discharge space = 2 mm, dielectric
thickness = 1.5 mm, high voltage electrode surface = 47.78 mm?.

The result obtained for the static capacity of the dielectric - air - dielectric reactor is C =
0.19 pF.

4.4.4. Cylindrical reactor considered as cylindrical capacitor (Reactor 4)

The last reactor presented is the one in cylindrical configuration. The dimensions for
this reactor are the inside diameter of the ground electrode = 7 mm, the outside diameter of
the ground electrode = 9 mm, the discharge space (D2) = 1.5 mm, the thickness of the
dielectric (D3) = 1.5 mm, the diameter of the HV electrode (D1) = 1.7 mm.
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Figure 4.11. Representation of the experimental setup for the circular DBD reactor, [74]
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The formula is used to calculate the cylinder capacity:

=2 (4.4)
R

i
Where | - is the height of the cylinder, Re - is the outer diameter, Ri - is the inner
diameter.

C, = (4.5)
Dy

Cg _ EHIEHD§D4 (46)
Dz

Grounding electrode surface = 494.8 mmz2, discharge space 1.7 mm, dielectric
thickness (glass) = 1.5 mm, high voltage electrode surface = 350.35 mm?.
The result obtained for the static capacity of the cylindrical reactor is C = 4.36 pF.

4.4.5. The experimental set of DBD reactors used

For experimental use, the configuration shown in the block diagram in Figure 4.12 was
used. Here is how to connect the power supplies (with the power part and the control part
respectively), the primary windings (which can be 10, 18 or 22) in series with a 4 Q ceramic
film power resistor and the connection of the probes to oscilloscope (probe that collects the
voltage on the resistor to calculate the current on the primary / TESTEC HVP 40 probe with
which the signal is collected from the reactor).

Sursa de alimentare Oscilosco
;.. —_————
Almentare ! Putere
Putere I Resistor (4 ohm)
| Infsurarea Infisurarea @esc:‘arcmt
Almnentare Comanda primard secundard
3 | | DBD
Comandd ._r x r
F

Figure 4.12. Block diagram of the experimental setup for connecting DBD reactors, [74]

With the help of these reactors, a series of experiments were performed with different
parameters to determine the dynamic capacity and to highlight the contribution and efficiency
of each source tested with these configurations.
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CHAPTER 5. Experimental results on electrical parameters of discharges

The experiments performed with the two power supplies considered all 4 possible
geometries of DBD type reactors. A transformer with 2500 windings for the secondary coil
and 10, 18 and 22 windings for the primary one was used to produce the high voltage. To
limit the current, the primary winding was connected in series with a 4 ohm power resistor.
Data were collected using a 1000: 1 TT-HVP 40 offset high voltage probe from TESTEC.

DBD electric shocks, due to the multiple plasma channels and the fact that the
discharge goes out quickly, require a high frequency for their maintenance. During the
experimental part, the frequency had to be limited due to the saturation of the ferrite core and
the limitations present in the MOSFET transistors used.

Since both power supplies operate at close frequencies and the same PWM modulation
factor, the difference in amplitude is due to the difference between the half bridge topology
and the flyback topology and the fact that each power supply operates at different power
voltages for the power section.

At this stage the input parameters of the sources that were variable (adjusted) are:

-Control pulse frequency - by means of potentiometers connected to the inputs specific
to the control integrated circuits, the frequencies used for the experimental base are 30 and 60
kHz respectively;

- Duty cycle - by means of potentiometers connected to the inputs specific to the
control integrated circuits, which in this case are 20% and 50% respectively;

-The high voltage level applied to the DBD reactors by choosing a certain number of
turns from the high voltage coil mayor. 10, 18 and 22 were used for this work, which allowed
the modification of the transformation ratio and the obtaining of different voltage values in
the secondary of the coil.

The adjustment of these input parameters was primarily aimed at obtaining an electric
discharge as stable and homogeneous as possible on each of the reactor configurations used.
At the same time, the aim was to reduce the demands on electronic components in switching
during operation.

In addition to the parameters mentioned above, other equally important parameters,
taken into account in the analysis presented, are the values of the dynamic capacity specific to
the topology of the reactors.

In the literature this capacity has been measured experimentally using a capacitive
divider connected to an oscilloscope. To determine these parameters in different cases
Lissajous figures were used which provide a load type graph (Q) as a function of voltage (U).
From these graphs the value of the capacity of the DBD reactor can be extracted.

In this paper we proceeded to another simplified approach for determining the capacity,
we followed the variation of the frequency obtained after the download and we calculated the
value of the dynamic capacity from the formula:

1
4m2 f2L

(5.1)
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Capitolul 5. Rezultate experimentale cu privire la parametrii electrici ai descarcarilor

This calculation took into account the measured value of the coil secondary
inductance of 65 uH, measured with PeakTech 2170 and also took into account the value of
the relative permittivity of the glass used.

5.1. Experimental results obtained using the TL494 power supply

Taking into account the parameters considered for the experimental part of both
sources, this subchapter will focus on the particularities of the source with TL494. The power
supply parameters of the source are: 15V control supply voltage and 96V power supply
voltage, both DC.

5.1.1. Electrical parameters measured for TL494 power supply

The parameters measured using the oscilloscope, namely the current on the primary of
the transformer, respectively the output voltage depending on the reactor topology used, in
the case of the primary with 10 windings are found in Tables 5.1 and 5.2 respectively.

Table 5.1. Primary current values in the case of the transformer with 10 primary windings

Parameters frequency 30 kHz frequency 60 kHz
Reactor PWM 20% PWM 50% PWM 20% PWM 50%
Reactor 1 9,64 [A] 8,43 [A] 6,75 [A] 6,71 [A]
Reactor 2 9,57 [A] 7,37 [A] 7,00 [A] 6,44 [A]
Reactor 3 9,74 [A] 8,14 [A] 6,71 [A] 6,69 [A]
Reactor 4 8,65 [A] 8,02 [A] 6,75 [A] 6,33 [A]

Table 5.1 shows that the highest values were obtained for reactors 1, 2 and 3 at the
frequency of 30 kHz and a filling factor of 20% while the minimum values were obtained for
all reactors at the frequency of 60 kHz using a filling factor of 50%. These values are due to
the saturation of the ferrite core of the high voltage transformer, which reaches saturation due
to the higher frequency at which these experiments were performed.

For the output voltage values (high voltage) the collected data are presented in Table
5.2. DBD discharges depend on the applied voltage and current limitation. Thus the values
obtained are of the order of 4 kV for reactors 1,2 and 3 at a frequency of 30 kHz and a filling
factor of 20% and up to 2 kV for all reactors at a frequency of 60 kHz and a filling factor of
50%, which is expected taking into account the power transfer.
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Table 5.2. Output voltage values for transformer with 10 primary windings

Parameters frequency 30 kHz frequency 60 kHz
Reactor PWM 20% PWM 50% PWM 20% PWM 50%
Reactor 1 3647,60 [V] 3150,76 [V] | 1792,99 [V] | 1793,88 [V]
Reactor 2 3643,23 [V] 4318,64 [V] | 2043,89[V] | 1880,89 [V]
Reactor 3 4884,39 [V] 4062,43[V] | 2357,49 [V] | 2446,50 [V]
Reactor 4 4249,67 [V] 3086,45[V] | 1956,96 [V] | 1845,16 [V]

From these values the energy transfer is observed, namely the current on the primary
proportional to the voltage on the secondary. The values are proportional to the number of
primary windings and implicitly to the transformation ratio.

Next, the case of the primary winding consisting of 18 turns was analyzed, the data
collected being presented in Tables 5.3 and 5.4.

Taking into account the ratio of the windings and the value of the impedance, which in
this case has increased, a decrease of the current per mayor is observed, and these values are
presented in Table 5.3.

Table 5.3. Primary current values in the case of the transformer with 18 primary windings

Parameters frequency 30 kHz frequency 60 kHz
Reactor PWM 20% PWM 50% PWM 20% PWM 50%
Reactor 1 4,07 [A] 4,08 [A] 2,38 [A] 2,40 [A]
Reactor 2 4,24 [A] 4,17 [A] 7,00 [A] 7,00 [A]
Reactor 3 4,12 [A] 4,13 [A] 2,70 [A] 2,79 [A]
Reactor 4 3,81 [A] 3,84 [A] 2,44 [A] 2,42 [A]

The current values for this case are significantly lower than in the previous case (10
primary windings), and correspond to values of the output voltage close to reactors 1 and 3,
where the maximum values at the frequency of 30 kHz and factor are obtained in this case as
well. 20% filling.

For reactor 2, at the same parameters, the voltage value differs more than the previous
case, which is due to the architecture of the reactor which has a thicker dielectric layer
compared to other topologies. When using the 60 kHz frequency a similar decrease of values
is observed only in this case the values are lower.

Table 5.4. Output voltage values for transformer with 18 primary windings

Parameters frequency 30 kHz frequency 60 kHz
Reactor PWM 20% PWM 50% PWM 20% | PWM 50%
Reactor 1 2717,57 [V] 2727,58 [V] | 1162,28 [V] | 1159,38 [V]
Reactor 2 2960,31 [V] 3001,96 [V] | 1424,68[V] | 1424,68 [V]
Reactor 3 3858,57 [V] 4062,65 [V] 2070,7 [V] | 2073,49 [V]
Reactor 4 2712,47 [V] 2720,6 [V] 1255,39 [V] | 1308,8 [V]
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The third case analyzed is with the primary winding consisting of 22 turns. As can be
seen from Tables 5.5 and 5.6, both the values of the output voltage and the value of the
current measured in the primary decrease. Considering that the output consists practically of a
voltage divider and that the reactance value changes depending on the inductance of the
primary (default of the number of turns), the transformation ratio decreases, but also the
voltage drop on the primary winding must be taken into account, which due to the value of
the inductive reactance is higher.

The values of the current on the primary of the transformer are presented in table 5.5,
where the effect of the increase of the inductive reactance on the primary is observed, namely
the decrease of the current.

Table 5.5. Primary current values in the case of the transformer with 22 primary windings

Parameters frequency 30 kHz frequency 60 kHz
Reactor PWM 20% PWM 50% PWM 20% | PWM 50%
Reactor 1 3,29 [A] 3,29 [A] 2,02 [A] 1,98 [A]
Reactor 2 3,43 [A] 3,39 [A] 2,02 [A] 2,01 [A]
Reactor 3 3,35 [A] 3,35 [A] 2,22 [A] 2,23 [A]
Reactor 4 3,21 [A] 3,19 [A] 2,14 [A] 2,33 [A]

For the values of the output voltage, in the case presented (22 primary windings) a
decrease proportional to the increase in the number of turns is observed in table 5.6, due to
the change of the transformation ratio.

Table 5.6. Output voltage values for transformer with 22 primary windings

Parameters frequency 30 kHz frequency 60 kHz
Reactor PWM 20% PWM 50% PWM 20% | PWM 50%
Reactor 1 271756 [V] | 2553,10 [V] | 1252,26 [V] | 1249,34 [V]
Reactor 2 2789,77 [V] 2681,95[V] | 1272,36 [V] | 1263,25 [V]
Reactor 3 3619,06 [V] 3619,06 [V] | 1859,67 [V] | 1856,23 [V]
Reactor 4 2726,04 [V] | 279567 [V] | 1402,72[V] | 1672,35[V]

The variations presented above in the other two cases (10 and 18 primary windings
respectively) are proportional to those in this case, the only difference being the value which,
although close, is smaller.

5.1.2. Dynamic capacity calculation for TL494 power supply

Most DBD discharges are symmetrical, and the voltage oscillates with the same
frequency in both the positive and negative half-alternations. The frequency values were
extracted from the experimental base with the help of which the dynamic capacity values
were calculated.

The values obtained for the dynamic capacity obtained from the frequency
measurement are presented centrally in Table 5.7.

43



Capitolul 5. Rezultate experimentale cu privire la parametrii electrici ai descarcarilor

Table 5.7. Dynamic capacity values for experiments performed with source TL494

Parameters frequency 30 kHz frequency 60 kHz
Reactor PWM 20% PWM 50% PWM 20% | PWM 50%
Reactor 1 | 10 windings 0,67 pF 0,97 pF 0,43 pF 0,97 pF
18 windings 1,32 pF 1,73 pF 0,97 pF 0,97 pF
22 windings 0,43 pF 0,67 pF 0,67 pF 1,32 pF
Reactor 2 | 10 windings 0,97 pF 0,43 pF 0,67 pF 0,67 pF
18 windings 0,97 pF 0,97 pF 1,32 pF 0,97 pF
22 windings 0,97 pF 0,97 pF 0,97 pF 0,43 pF
Reactor 3 | 10 windings 0,43 pF 0,67 pF 0,24 pF 0,67 pF
18 windings 1,32 pF 1,32 pF 0,97 pF 0,97 pF
22 windings 0,97 pF 0,43 pF 0,97 pF 0,43 pF
Reactor 4 | 10 windings 0,43 pF 0,67 pF 0,24 pF 0,97 pF
18 windings 1,32 pF 0,97 pF 0,97 pF 0,97 pF
22 windings 0,67 pF 0,97 pF 0,97 pF 0,67 pF

The values of the download frequencies are between 20 and 30 MHz, which means that
the dynamic capacity values are between 0.43 and 1,73 pF.

5.2. Experimental results obtained using SG2525 power supply

The electrical supply parameters of the source built with the SG2525 integrated circuit
are: supply voltage for the control part 20V and supply voltage of the power circuit is 48V,
both in d.c. At the same time it must be considered that in this case the fact that the voltage
has only a positive polarity.

5.2.1. Electrical parameters measured for SG2525 power supply

Tables 5.8 and 5.9 show the parameters of primary current and output voltage in the
case of the primary winding consisting of 10 turns.

The values of the currents shown in Table 5.8 vary between 0.8 and 6.64 A. The

minimum current value was recorded for reactor 3 at 30 kHz and a fill factor of 20% and the
maximum current was obtained for reactor 1 at frequency 30kHz and 50% fill factor.

Table 5.8. Primary current values in the case of the transformer with 10 primary windings

Parameters frequecy 30 kHz frequecy 60 kHz
Reactor PWM 20% PWM 50% PWM 20% PWM 50%
Reactor 1 3,12 [A] 6,64 [A] 4,42 [A] 3,41 [A]
Reactor 2 3,12 [A] 5,85 [A] 2,15 [A] 3,53 [A]
Reactor 3 0,79 [A] 5,57 [A] 2,70 [A] 5,21 [A]
Reactor 4 4,08 [A] 3,39 [A] 4,97 [A] 2,47 [A]

In this case, the maximum values of the voltage do not correspond to the maximum
values of the currents, as in the case of the values extracted with the source built with the
integrated circuit TL494. Thus for reactor 2 at a frequency of 30kHz and a filling factor of
20%, the current value is 3.12 A, this value corresponds to a voltage value of 9541.7 V. For
the same reactor at the same frequency, but with a filling factor of 50 %, the values are 5.85A
and the voltage is 4702.2V.
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Table 5.9. Output voltage values for transformer with 10 primary windings

Parameters frequency 30 kHz frequency 60 kHz
Reactor PWM 20% PWM 50% PWM 20% PWM 50%
Reactor 1 5820,54 [V] 3838,12 [V] | 1033,74 [V] | 1962,04 [V]
Reactor 2 9541,74 [V] 4702,2 [V] 1899,44 [V] | 1987,82 [V]
Reactor 3 4761,28 [V] 5120,26 [V] | 1768,74 [V] | 2461,24 [V]
Reactor 4 4761,28 [V] 4483,18 [V] 715,24 [V] | 1524,65 [V]

Tables 5.10 and 5.11 show the primary current and the output voltage when using the
SG2525 power supply in the case of the primary winding consisting of 18 turns.

Table 5.10. Primary current values in the case of the transformer with 18 primary windings

Parameters frequency 30 kHz frequency 60 kHz
Reactor PWM 20% PWM 50% PWM 20% | PWM 50%
Reactor 1 2,91 [A] 4,46 [A] 3,78 [A] 4,20 [A]
Reactor 2 4,29 [A] 5,65 [A] 1,67 [A] 4,08 [A]
Reactor 3 4,04 [A] 5,07 2,38 [A] 4,70 [A]
Reactor 4 1,50 [A] 2,34 [A] 2,34 [A] 5,30 [A]
Table 5.11. Output voltage values for transformer with 18 primary windings
Parameters frequency 30 kHz frequency 60 kHz
Reactor PWM 20% PWM 50% PWM 20% | PWM 50%
Reactor 1 4553,10 [V] 4489,28 [V] | 3207,94 [V] | 7536,67 [V]
Reactor 2 4416,59 [V] 3500,72 [V] | 2074,97 [V] | 6745,25[V]
Reactor 3 4429,29 [V] 4178,01 [V] 3407 [V] 7511,22 [V]
Reactor 4 3489,60 [V] 494212 [V] | 4942,12 [V] | 5466,65 [V]

Tables 5.12 and 5.13 show the output parameters for the use of the SG2525 power
supply in the case of the 22-turn primary winding.

Table 5.12. Primary current values in the case of the transformer with 22 primary windings

Parameters frequency 30 kHz frequency 60 kHz
Reactor PWM 20% PWM 50% PWM 20% PWM 50%
Reactor 1 9,81 [A] 2,01 [A] 3,35 [A] 3,79 [A]
Reactor 2 3,88 [A] 2,85 [A] 3,31 [A] 4,84 [A]
Reactor 3 2,95 [A] 2,27 [V] 2,17 [A] 4,22 [A]
Reactor 4 1,42 [A] 1,88 [V] 3,91 [A] 3,79 [A]
Table 5.13. Output voltage values for transformer with 22 primary windings
Parameters frequency 30 kHz frequency 60 kHz
Reactor PWM 20% PWM 50% PWM 20% PWM 50%
Reactor 1 5585,88 [V] 4481,68 [V] | 5752,63[V] | 6765,54 [V]
Reactor 2 4855,16 [V] 4000,48 [V] | 2113,89[V] | 4550,01[V]
Reactor 3 4260,93 [V] 5089,36 [V] | 2642,21[V] | 7955,38 [V]
Reactor 4 3764,24 [V] 4626,25 [V] | 5091,55[V] | 981,35[V]
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5.2.2. Dynamic capacity calculation for SG2525 power supply

For the SG2525 source, the DBD discharges are asymmetric. The experimental basis, in
this case, shows frequency values for some cases, in some cases no discharges occurred. The
dynamic capacitance values were calculated using the download frequencies.

The values obtained for the dynamic capacity obtained from the frequency
measurement are presented centrally in Table 5.14.

Tabelul 5.14. Valorile capacitatii dinamice pentru experimentele efectuate cu sursa SG2525

Parameters frequency 30 kHz frequency 60 kHz
Reactor PWM 20% PWM 50% PWM 20% | PWM 50%
Reactor 1 10 21,21 pF - - 0,43 pF
windings
18 3,89 pF - - 0,24 pF
windings
22 - - - -
windings
Reactor 2 10 15,58 pF 15,58 pF - 0,24 pF
windings
18 15,58 pF 27,71 pF - 0,67 pF
windings
22 15,58 pF 21,21 pF - 0,43 pF
windings
Reactor 3 10 15,58 pF 21,21 pF - 0,43 pF
windings
18 21,21 pF 15,58 pF - 0,24 pF
windings
22 6,92 pF 15,58 pF 0,43 pF 0,24 pF
windings
Reactor 4 10 21,21 pF 21,21 pF - -
windings
18 27,71 pF 21,21 pF 0,43 pF 0,43 pF
windings
22 15,58 pF 10,82 pF 0,67 pF 0,43 pF
windings

The values of the download frequencies are between 5 and 30 MHz which means that
the dynamic capacity values are between 0.43 and 21.21 pF.

46




Conclusions

This doctoral thesis concludes with the following findings:

cold plasma, can be produced by different types of laboratory electrical
discharges, such as GlidArc and dielectric barrier discharges (DBD).

Limiting the current to values below 1A does not allow the evolution of the
electric discharge towards the electric arc, which would mean a substantial
increase in the temperature of the plasma particles.

Direct, low, medium or high frequency or pulsed AC power supplies can be
used to produce cold plasma.

In addition to the construction of the reactor, power supplies also play a very
important role in increasing the efficiency of cold plasma discharges.

The use of these sources is especially useful for DBD-type discharges, which
due to the multiple plasma channels and the fact that the discharge is quickly
extinguished by the disappearance of the active species produced, requires a
high frequency for their maintenance and implicitly discharges.

Two power supplies have been designed to perform the experimental part, with
the help of which DBD type electric discharges can be modeled.

For the 4 DBD reactor topologies considered, the static capacity was calculated,
which expresses the value depending on the distance between the electrodes and
the dielectric used. It is a parameter that defines the DBD discharge and affects
the electrical parameters of the discharge.

An important issue with DBD discharges is the capacity that occurs in the
reactor. Considering the 4 topologies presented in this paper, the data necessary
for the calculation of the dynamic values of the capacity were extracted.

The frequency for both power supplies is 30 and 60 kHz, the measured

download frequency is between 15 MHz and 40 MHz for the TL494 power
supply and between 5 MHz and 40 MHz for the SG2525 power supply. The
determination of the dynamic capacity, in this study, is based on the
measurement of the voltage of the discharge peak of its frequency and the
knowledge of the value of the inductance of the secondary winding.

The best discharge of DBD, in terms of the conditions of occurrence and the
parameters necessary for priming and maintenance, took place in the tubular
reactor, mainly due to the use of the internal copper electrode and the external
aluminum electrode which ensured a good emissivity of ELECTRON.
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